In tectonically complex environments, such as the Pannonian Basin surrounded by the Alps-Dinarides and Carpathians orogens, monitoring of recent deformations represents very challenging matter. Efficient quantification of active continental deformations demands the use of a multidisciplinary approach, including neotectonic, seismotectonic and geodetic methods. The present-day tectonic mobility in the Pannonian Basin is predominantly controlled by the northward movement of the Adria micro-plate, which has produced compressional stresses that were party accommodated by the Alps-Dinarides thrust belt and partly transferred towards its hinterland. Influence of thus induced stresses on the recent strain field, deformations and tectonic mobility in the southern segment of the Pannonian Basin has been investigated using GPS measurements of the horizontal mobility in the Vojvodina area (northern Serbia).
A b s t r a c t
In tectonically complex environments, such as the Pannonian Basin surrounded by the Alps-Dinarides and Carpathians orogens, monitoring of recent deformations represents very challenging matter. Efficient quantification of active continental deformations demands the use of a multidisciplinary approach, including neotectonic, seismotectonic and geodetic methods. The present-day tectonic mobility in the Pannonian Basin is predominantly controlled by the northward movement of the Adria micro-plate, which has produced compressional stresses that were party accommodated by the Alps-Dinarides thrust belt and partly transferred towards its hinterland. Influence of thus induced stresses on the recent strain field, deformations and tectonic mobility in the southern segment of the Pannonian Basin has been investigated using GPS measurements of the horizontal mobility in the Vojvodina area (northern Serbia).
INTRODUCTION
Present-day horizontal mobility of segments of the Earth lithosphere is expressed by the direction and intensity of recent strain field, intra-lithosphere stress distribution, existence of active tectonic structures, and rheological features of the lithosphere. In tectonically complex environments, such as the Pannonian Basin and its surrounding Carpathian and Alpine-Dinarides orogens, monitoring of recent deformations represents very challenging matter. Therefore, efficient quantification of active continental deformations demands use of a multidisciplinary approach that involves both neotectonic and seismotectonic methods. Moreover, development of modern GPS systems and their application in geodetic research enables better accuracy in quantification of recent movement of segments of the lithosphere. Application of geodetic methods in determination of geodynamic movements is based on studies of the temporal evolution of the reference system, which has been developed using physically stabilized points with determined positions in the three-dimensional coordinate system. Within the regional tectonic frame of the southeastern Europe, Serbia belongs to the area of bivergent orogen that was formed by the Cretaceous collision of the Adria micro-plate (as a part of African plate in that period) and the European plate (Bennett et al. 2008) . Starting from the Lower Miocene, the Pannonian Basin has evolved in the domain of former suture between the two continental entities, which is recognized in the Upper Cretaceous flysch sediments of the Sava Zone (Pamiü 2002 , Schmid et al. 2008 . The Miocene sediments of the Pannonian Basin, which represents classical example of a back-arc basin, cover the pre-Tertiary basement units of both Adriatic and European affinities , Bada et al. 2007 , Matenco and Radivojeviü 2012 .
The predominant source of compressional stresses in the domain of the Alpine-Dinarides orogen is the northward movement of the Adria plate and its rotation in the counterclockwise direction (Straub 1996 , Bada 1999 , Bada et al. 1998 , Maroviü et al. 2002 . This mode of motion of the Adria plate has established, starting from the Pliocene until recent times, compressional strain field oriented in the NE-SW direction (Gerner et al. 1999 , Tesauro et al. 2006 , Bada et al. 2007 . Thus oriented field has reactivated already existing tectonic structures. In the central segment of the Dinarides, tectonically active are the reverse faults with the NW-SE direction (Fig. 1) . Concurrently, in the southeastern and central part of the Pannonian Basin, strike-slip faults with the NE-SW and NW-SE direction (see Fig. 2 ) have been reactivated (Maroviü et al. 2002 (Maroviü et al. , 2007 . Based on multiyear GPS/GNSS observations within the central European geodynamic network, the interpolated movement velocities of the northern segment of Adria microplate are in the interval between 2.5 and 3.5 mm/year with the Fig. 1 . The tectonic setting of the Serbian part of the Pannonian Basin (dark frame), with major active zones, and the trajectories of maximum horizontal stress directions (after Bada et al. 2007) .
orientation towards the north-northeast, while for its southern segment they are between 3.5 and 5 mm/year with northeastern orientation (Grenerczy et al. 2005) . Note that these data were obtained relative to the velocities minimization in the stabile segment of Europe. These results indicate that the motion of the northern segment of the Adria microplate towards north was accommodated by the deformation in the Southern Alps. Motion of the Adria plate is in the Dinarides area locally accommodated in the Dinarides thrust belt, while part of stress has been transferred to the northeastern hinterland of the orogen. In this manner, the intra-lithosphere stress distribution, recently produced along the Adriatic shore, has significant influence on the seismicity and tectonic mobility of the Dinarides northern and northeastern hinterland, as well as the area of the southern Pannonian Basin (Fig. 1) .
Influence of this present-day transferred stresses on the tectonic structures and their kinematic features in the southern segments of the Pannonian Fig. 2 . Neotectonic map of Vojvodina (modified after Maroviü et al. 2007 ).
Basin so far has been considered only in context of tectonic synthesis and general kinematic patterns. Therefore, the main goal of this study was to obtain more detailed and accurate quantitative inferences concerning active continental deformations in the southern part of the Pannonian Basin. For that purpose, two successive geodetic measurement campaigns have been conducted to obtain the amounts of recent horizontal movements in this area. The results obtained were subsequently correlated with modern concepts concerning the tectonic architecture of the southern Pannonian Basin.
REGIONAL TECTONIC SETTING OF THE PANNONIAN BASIN AND THE PROBLEM OVERVIEW
The Pannonian Basin of central Europe includes parts of the territories of nine countries, whereby its central and largest segment is situated in Hungary (Fig. 1) . The research area of the present study is located in the southern part of the Pannonian Basin, covering the territory of Vojvodina as the northern part of Republic of Serbia. In geographic coordinates, the research area is located between 44.7 and 46.2 degrees north latitude, and between 18.9 and 21.6 degrees east longitude. In the geological context, the Pannonian Basin, surrounded by the Alps, Dinarides, and Carpathians orogens, has evolved as an extensional back-arc basin within the area of the complex zone of collision between the Adriatic and European plates (Horváth and Rumpler 1984) .
The basin comprises two main lithospheric blocks separated by the midHungarian fault zone, the northern (ALCAPA) which has African affinity and the southern (TISZA) which has European affinity (Schmid et al. 2008 and other references here). The Early Miocene extension was produced by the roll-back of the subducted Carpathians lithosphere (Horváth 1993 , Bada et al. 2007 and references therein). Extension was also accompanied by the eastward translation and complex rotations of the ALCAPA and the TiszaDacia units , Schmid et al. 2008 . This movement was driven by the push of the Adria plate, followed by the lateral extrusion of blocks from the Eastern Alps (Frisch et al. 1998 , JarosiĔski et al. 2006 JarosiĔski 2012) . According to all relevant investigations, lithospheric stretching during the extension has resulted in formation of basin setting characterized by the very thinned crust and high values of heat flux (Stegena et al. 1975 , Szafian et al. 1997 , Csontos 1995 , Cloetingh et al. 2005 . Its internal architecture is represented by very thick sedimentary infill, which in deepest parts of the basin can reach up to 7-8 km (Magyar et al. 2006) . The Early and Middle Miocene basin evolution is characterized by the development of a series of asymmetric extensional detachment faults (Matenco and Radivojeviü 2012) . In the southern part of the basin, faults showing two main orientations predominate and delimit the uplifted and subsided intrabasinal areas. East from the line Kikinda-Zrenjanin-Panþevo, major fault structures are mainly with N-S strike, while west from the aforementioned line regional structures with E-W strike prevail (Maroviü et al. 2007, Matenco and Radivojeviü 2012) . Within the structures with E-W strike, besides faults that delimit the Fruška Gora morphostructure, the most significant are the faults that form segments of the Trans-Banat-Baþka Dislocation (TBBD). These faults cut the basin in Vrbas-Beþej area and sideways (Fig. 2 , see also Maroviü et al. 2007 ). In the parts of the basin situated further to the east, faults with N-S orientation prevail, and among these Panþevo and Morava detachments with their northern and southern prolongations are most significant (Fig. 2) . These detachment faults controlled opening of a series of asymmetric extensional sub-basins and depressions in the eastern segment of Serbian part of the Pannonian Basin (Matenco and Radivojeviü 2012) . Post-rift thermal subsidence of the thinned Pannonian lithosphere represent main controlling factor of the Upper Miocene sedimentation , Cloetingh and Burov 2011 . Pliocene to present-day tectonic evolution has been dominated by the compressional strain field (Horváth and Cloetingh 1996 , Maroviü et al. 2002 , Bada et al. 2007 , which in the southern part of the Pannonian Basin is oriented in the NE-SW direction (Anderson and Jackson 1987, Bada et al. 2007) . Compressional stress induced in the Adriatic-Dinaridic-Hellenidic convergence zone has resulted in the lithospheric folding of the thinned Pannonian lithosphere. This was accompanied by the horizontal and vertical mobility of large intra-basinal segments, as well as the basin periphery, final-ly resulting in the inversion of the basin (Horváth and Cloetingh 1996 , Maroviü et. al. 2002 , 2007 Horváth et al. 2006 , JarosiĔski et al. 2011 . According to Grenerczy and Kenyeres (2006) , around 2 mm/year of recent shortening was calculated in the crustal segment located between the Adriatic shore and the Pannonian Basin. The very area of the Pannonian Basin undergoes shortening of around 1.5 mm/year, whereby in its northern segment shortening is E-W as the result of lateral extrusion of the Eastern Alpine units into the basin. On the other hand, the southern segments of the basin record NE-SW oriented shortening, which is due to Adria-plate indentation and transfer of stresses through the Dinarides into the Pannonian area (Bada et al. 2007) . Recent compressional strain field is the predominant controlling factor of both vertical and horizontal mobility of lithospheric segments in the Pannonian domain and, in this regard, with its seismic activity. Seismic activity of the Pannonian Basin and its surrounding area has very variable intensity (Tóth et al. 2002) . The boundary area between the Dinarides and Pannonian basin is characterized by medium yet frequent seismic activity, while the seismic activity of its southern part has low intensity (Maroviü et al. 2002 (Maroviü et al. , 2007 .
The main goal of this study was to determine the amounts of horizontal movements in the southern parts of the Pannonian basin, based on two consecutive GPS/GNSS measuring campaigns using physically stabilized points of the passive geodetic reference network, in roughly ten-year time interval. Hence, the purpose was to determine whether there are significant movements at the points of the passive reference network, covering the research area. Republic Geodetic Authority of Serbia has established a passive geodetic reference network for the purpose of developing spatial reference system. The completion of the first research campaign was carried out during 2002, and the second campaign during 2012. The two campaigns were carried out in order to assure the integrity and to survey the temporal evolution of the spatial coordinate system. Furthermore, thus developed geodetic model of lithospheric horizontal movements was correlated with recent geological studies that offer coherent model for the neotectonic activity in the Serbian part of the Pannonian Basin (Maroviü et al. 2002 (Maroviü et al. , 2007 Matenco and Radivojeviü 2012) . This approach enables to discriminate main controlling factors of the present-day horizontal mobility in the Serbian part of the Pannonian Basin.
DATA AND METHODS
The projecting and realization of a passive reference geodetic network onto the regions under study has been carried out by the Republic Geodetic Authority of Serbia. The geodetic network was projected in the form of closed figures, most frequently quadrangles. In the measurements over points the GPS/GNSS method of fast statics with an average observation time interval of 90 min per point was applied. With regard to the fact that through these measurements the conditions for applying the static model of geometric deformation analysis had become satisfied, an idea was formed to compare the geodetic and geological studies in the given field of research.
In the geodetic deformation model one uses points of the passive reference network uniformly distributed over the region under study with a spatial resolution of about 10 km. The vector processing within the network from the first measuring campaign was done by using commercial software. The vector processing in the first measuring campaign was done by using GPS Survey V. 2.0 software, whereas for the second measuring campaign the vector processing was done by using Trimble Total Control V. 2.73 software. The definite processing was done by using precise ephemerides which had been taken by the IGS service. Also, through the ftp protocol with a provider, such as the Bern University, the ionosphere model for the time interval of the observations was taken. In the processing procedure, the tropospheric-refraction influence was taken into account where the Hopfield model without unknown parameters was used for the first campaign, whereas in the processing of the second campaign the Goad & Goodman (Fixed Values) model was used. The vector processing was done within the closed polygon systems where only linearly independent vectors were taken into account. The quality of the measurements was verified if closing of the polygons was under the limit for allowed deviations of 2 ppm. The spatial coordinate differences subjected to processing are the input parameters for adjustment of measuring results by applying the least squares. The first step was the independent free adjustment of measuring epochs at the moments t 1 and t 2 aimed at eliminating gross and systematic errors. In order to avoid the datum influence on the global network congruence test from two epochs, the displacements and the corresponding variance covariance matrices are transformed into a new datum by applying the S transformation. The S-transformation is a very convenient tool for defining a subset of congruent network points.
The step concerning the preliminary identification of stable datum points within the time interval ǻ t = t 2 -t 1 was preceded by testing the homogeneity of measuring accuracy in both epochs. The stability of datum points was carried out by applying the Helmert transformation without changing the scale. These are points for which residual displacement vectors (congruency fitting deviations) do not exceed double estimation error values. For the purpose of confirming the preliminary stability of datum points one applies the single-point congruence test, on the basis of the following expression: V is the unified variance factor.
Deformation analysis
The methodology of stable-points establishing is based on the common adjustment of the measured baseline vectors in both epochs on the basis of the conditionally stable points adopted a priori. This method has been developed at the University of Karlsruhe (Heck 1983 ). Karlsruhe method is based on independent adjustment of the first and the second epoch and also on their joint adjustment. In the first phase, measured values in the individual epochs are adjusted using the Least Squares Method (LSM). In the second phase, measured values in the first and the second epoch are jointly adjusted. Joint adjustment of the two epochs is being done under the assumption that the basic points are congruent in two epochs and that the network scale is the same in both epochs.
In the first phase, adjustment is made independently for all measured values in each epoch, using the indirect adjustment method: , 1,2,..., ,
where k is the number of epochs. The network may be adjusted usually or with the minimum trace. From each individual adjustment, a square form ȍ i is being determined, and joint square form for all epochs is obtained by summing square forms of individual epochs' adjustments:
The total number of degrees of freedom b is obtained by summing up the degrees of freedom b i (b i = n i -u i ) from individual epochs' adjustments.
During the second phase, measured values in zero and control measurement epoch are jointly adjusted. In joint adjustment of the two epochs, vector of unknown coordinates is divided into three sub-vectors:
where z is the sub-vector of basic points assumed to be stable in both epochs, and 1 2 ,
T T x x are subvectors of construction points or points assumed to be unstable. From the joint adjustment, square form ȍ z is being determined, containing information on measurement errors and movements of unstable points. Joint adjustment square form ȍ z gets deducted from square form ȍ 0 , which contains information about measurement errors only (Heck 1983 , Mihailoviü and Aleksiü 1994 , 2008 Ambrožiþ 2004) :
The new square form ȍ h contains only the information about unstable points' movement. The test statistics is (Heck 1983 , Mihailoviü and Aleksiü 1994 , 2008 Ambrožiþ 2004) :
where f = (k -1)n p 0 -d, k is number of epochs, n is the geodetic network dimension, p 0 is the number of conditionally stable points, and d is the rank defect of matrix A.
, zero hypothesis is not rejected, i.e., all of the points from conditionally stable points are indeed stable points; or else an alternative hypothesis is being accepted.
Determining unstable points in the set of conditionally stable points
, the set of conditionally stable points contains unstable points. It is necessary to determine such points. For that purpose, joint adjustments are repeated from which one conditionally stable point is being excluded successively. The adjustment providing the minimum value of the square form ȍ z,min indicates that the point excluded from the adjustment is to be considered unstable. That point is definitely excluded from the set of conditionally stable points, and the entire procedure is repeated without it. The procedure is repeated iteratively, until the condition
is met, and the points left in the set of conditionally stable points afterwards are considered stable.
Localization of deformations
Deformations are being localized for each point. The zero hypothesis assumes that the point T j did not move, while the alternative hypothesis assumes that the point T j did move. Zero (H 0 ) and (H a ) alternative hypotheses are being set (Heck 1983 , Mihailoviü and Aleksiü 1994 , 2008 Ambrožiþ 2004) :
The test statistics reads: 
, the zero hypothesis is not rejected; or else an alternative hypothesis is being accepted. The presented statistical testing of hypothesis may also be interpreted geometrically. In the event of zero hypothesis (H 0 ), formula 8 may be written as follows:
If we replace with = in the formula 27, the expression becomes an ellipse equation, which is identical to the relative error ellipse between the points T 1,j and T 2,j increased for the factor 2 1 2 , f , F D . Axes of the relative error ellipses are calculated using the formula:
The deformation analysis using relative error ellipses can be presented graphically with ease ( Figs. 1 and 2 ). Point movement vectors and increased relative error ellipses are drawn on the same sketch. The movement vector ĵ d starts at the point 1, j T towards the point 2, j T , and the point 2, j T is the center of ellipse. If the point T 1,j is outside the ellipse surface, the zero hypothesis is being rejected, i.e., deformations in point T 1,j are accepted with a certain probability.
Strain analysis
The basic principles of strain analysis have been developed in the theory of elasticity and continuum mechanics, whereas in geodesy it has been applied in interpreting the deformations of the Earth's crust. The principles of strain analysis are applicable if the observed region or object is covered by the deformation model (geodetic network) which can be observed as a continuum deformation under load Livieratos 1983, Caspary 2000) . An advantage of the strain analysis in the geometric deformation analysis is its independence of the coordinate system chosen. The strain-tensor parameters are not affected by both translation and rotation of the coordinate system (Vaniþek and Krakiwsky 1982 , Dermanis and Livieratos 1983 , Biagi and Dermanis 2006 , Talich and Havrlant 2008 . For the purpose of calculating the strain-tensor elements we use the on-line application of the Research Institute of Geodesy, Topography and Cartography from Prague (www.vugtk. cz/~deformace). The mathematical model has been described in the literature (Talich 2007 (Talich , 2008 (Talich , 2012 . The algorithm for determining the strain-tensor elements can be presented through two steps: The first step concerns the traditional task where one determines the displacements at all points of the deformation geodynamical model, i.e., of the passive reference network, over the research domain. An independent free adjustment of the passive reference network for both measuring epochs is carried out.
The second step concerns the determination of the deformation parameters by use of geometric analysis of continuum mechanics (strain analysis) in which the following two procedures are applied:
A subdivision of the geodetic network into finite elements (triangles) and calculation of the strain-tensor parameters for each triangle (with formulating hypothesis on strain homogeneity for each triangle); Calculation of global-strain field for the research domain (with formulating hypothesis on strain homogeneity for the entire research domain). The principle of geodetic methods applications is based on repeated measurement and comparation of results of individual stages of measurements. The obtained differences in positions of points represent their displacements (Talich 2007 (Talich , 2008 (Talich , 2012 . The vector of point displacement is:
where 0 resp.
x is vector of i P point coordinates of fundamental (resp. actual in t-time) stage. This vector may be expressed as a function of coordinates:
The strain tensor in P i is defined as a gradient of the function in this point: 
In the displacement field, the next relation (Welsch 1983 , Talich 2007 , 2008 ) is valid:
where d i is the displacement vector, E i is the displacement gradient, x i is the coordinate vector, and t is the vector of translation elements. The strain tensor may be divided into two parts:
, , 1,2,3,
where e i is the symmetric tensor of deformation, and ȍ i is the antisymmetric tensor of rotation: 
One can write:
The following deformation parameters for displacements projected to XY of the local coordinate system can be determined: With the aim of expressing the deformation parameters in the plane, the approximation of field of displacement vectors was applied, using polynomials, after solving necessary equations of the following type:
where the values e ij were determined as the derivatives of values u i for respective coordinates. After full processing, the vectors of displacement are computed and displayed in a rectangular grid of arbitrary scale. Within the same grid, the deformation parameters for each intersection can be determined. The conventional approach of the geodetic deformation analysis is based on the datum determining for the passive reference network. With regard to the fact that the strain-tensor parameters are not affected by both translation and rotation of the coordinate system chosen (where the scale must be unchangeable between two measuring epochs), any errors due to the possibility of incorrect hypothesis concerning the stability of dynamical points are eliminated. It is important to note that it is not necessary to carry out any transformation of displacements from different coordinate systems, for instance ITRF ETRF. It is also unnecessary to reduce the displacements in ITRF by applying geodynamic models of movement of tectonic plates, such as APKIM2000 or NNR-NUVEL, with regard to the fact that here one deals with geodetic networks of regional character (Talich 2007 (Talich , 2008 (Talich , 2012 . On the basis of these facts we may conclude that real geodynamic activities are based on fixed deformation parameters contributing to a successful locating of faults within the framework of the research domain.
Geostatistical analysis
Geostatistic interpolation methods appear as a suitable way for generating the values of a spatial variable (in this case, magnitude or intensity of displacement) for a domain where there are no measurements, on the basis of the measuring data of the same variable at locations given a priori (positions of points of the deformation geodynamic model). The spatial estimation of the displacement magnitude for the entire domain is carried out by using the geostatistic method known as Ordinary Kriging. Assuming the linearity of the displacement magnitude within the time interval ǻ t = t 2 -t 1 , the spatial estimation of the displacement magnitude, as the difference of the position estimates from two measuring epochs (mm/year) by applying the geostatistic interpolation method Ordinary Kriging, is carried out. The Kriging interpolation offers a possibility of generalization and prediction of displacementspeed trends, as well as of removing the local effects which are not due to the tectonic movements. In the case of Ordinary Kriging one assumes the quasi stationary state, where the function increments are stationary, but not the function itself. The method sensitivity depends on the input parameters characterizing modelling phases. The Ordinary Kriging method is based on the spatial analysis of model errors. Two primary indicators are the variogram and covariogram (covariance) used in the random field characterization assuming the spatial correlation between the predicted results. The variogram describes the variance variations between the elements in the framework of the field, whereas the covariogram describes the correlation between the given data (Webster and Oliver 2007) . After calculating the experimental variogram the modelling is performed by applying the Gaussian variogram model. Spatial interpolation parameter dilatation in the subject area is performed by applying Inverse Distance Weighting method. Inverse Distance Weighting is a deterministic, nonlinear interpolation technique that uses a weighted average of the attribute (i.e., phenomenon) values from nearby sample points to estimate the magnitude of that attribute at non-sampled locations. The weight a particular point is assigned in the averaging calculation depends upon the sampled point's distance to the non-sampled location.
RESULTS
The average positional accuracy for the estimated coordinates is 6.4 and 8.0 mm in the cases of the first and second measuring epochs, respectively. . In this way, the hypothesis on stability of selected datum points is confirmed.
The horizontal displacements of the relative network points, calculated as changes of coordinates acquired from GPS measurements, were determined in a local, topocentric system defined by a reciprocally stable reference points (CacoĔ et al. 2004) . The displacement vectors and relative confidence ellipses are determined for a probability of 95%. The average values of relative confidence ellipses are 15.8 and 12.2 mm in the semimajor and semiminor axes, respectively. In this manner, in Fig. 3 the areas of significant movements are distinguished, including the area north of Fruška Gora, the area between Kikinda and Kanjiža, the domain east from Zrenjanin, and the area of Vršac Mts. The results obtained had to be correlated with the available information on the tectonic architecture of the area, in order to explain the variability in orientation and magnitude of vectors of displacement (Fig. 3) . The map showing the trends of blocks movements within the southern segment of Pannonian Basin was generated by the interpolation of displacement vectors (Fig. 4) . This yielded more coherent image of movement of major blocks that comprise the southern Pannonian basement. The field of displacement is indicating that the southern basinal segments are shifting towards east.
The block located north from Fruška Gora is moving towards the north, the domain between Kanjiža and Kikinda is moving towards the northeast, while similar trend of movement can also be recognized in the central parts of the basin. The entire segment located east of the Kikinda-ZrenjaninPanþevo line is moving towards the east. On the basis of the displacement intensities obtained over an approximately ten-year time interval the magnitudes of displacements are calculated in units [mm/year] . By using the geostatistic-interpolation Ordinary Kriging method the magnitudes of displacements are predicted over the entire research domain and, in this way, their continuity is simulated (Fig. 5) . The minimum values were obtained in the western and southeastern segments of the research area, and the maximum values in the northeastern and eastern parts.
Based on detection of a certain number of points of a significant magnitude and divergent displacement azimuths, not logical from the aspect of understanding geodynamic activities, we start the cleaning of the network from the data indicating "false" measurements or unstable stations. The cleaning procedure of the network is carried out in accordance to the methodology presented in the references (Bogusz et al. 2013 , Araszkiewicz and JarosiĔski 2013 , Bogusz and Figurski 2012 . A total of excluded "doubtful points" is seven so that we have 212 remaining points included in the analysis. The scope of the study is divided into final elements (triangles) and on this basis the strain tensor parameters are determined for each element. The network is constructed of triangles by using Delaunay triangulation method (Fig. 6) .
On the basis of points displacement changes of geodetic network, that are implemented by their repeated survey, parameters of discretely expressed field of displacements are calculated (displacements interpolated into grid, Fig. 4) , and further parameters of discretely expressed field of displacements are calculated, characterized by strain tensor (of extension and contraction, Fig. 8 ). The whole calculation is based on the theory of mechanics of continuum (Szostak-Chrzanowski et al. 2006 , Talich 2007 .
On the basis of the spatial distribution of maximal and linear deformations it can be seen that the northeastern area between Senta and Kikinda is characterized by a significant accumulation of contraction character strain, on the average greater than 2 ȝs when the interpolation field within the grid with dominant maximum strain directions from southwest towards northeast is considered (Table 1) . Significant extension values are characteristic for the area of the north and northeast slopes of Fruška Gora, which are within an interval of from 0.5 to 1.5 ȝs. Another characteristic area concerns the region of the Vršac Mountains where the strain accumulation attains 1.2 ȝs (Figs. 7 and 8) .
Interpolation algorithms appear as a suitable tool to generate the values of a given variable (in this case, the area is variable, i.e., dilatation) over the area for which no measurements have been realized, on the basis of the measuring data for the same variable on the places determined a priori (positions of points of geodynamic deformation model). The spatial interpolation of dilatation parameters is carried out by applying the Inverse Distance Weighting method. This interpolation is aimed at attempting to present a relatively uniform deformation picture on the subject territory (Fig. 7) .
Strain parameters in Table 1 show that significant values of strain accumulation were around the area north of Fruška Gora, the area between Kikinda and Kanjiža, the domain east from Zrenjanin, and the area of Vršac Mts. 
DISCUSSION
Stress that was produced along the Adriatic shore and transferred through the Dinarides into the Pannonian Basin is interpreted to have its maximum axis oriented in NE-SW direction in southern basinal segment (Bada et al. 2007, Grenerczy and Kenyeres 2006) . Hence, it would be expected that a rather uniform motion of a homogeneous style occurs in the aforementioned direction. However, reconstructed displacements based on the data obtained in this study (Fig. 3) apparently indicate very non-coherent condition. The displacement vectors given in function of presenting real amounts and orientations of movement are very scattered. The results of the deformation analysis indicate existence of several segments in the southern Pannonian Basin that expose different types of deformation. Recent mobility is, therefore, directly associated with already existing tectonic structures, which were in major part inherited from Neogene phase of extension. The reconstructed neo-alpine structure of the Pannonian Basin (Fig. 2, after Maroviü et al. 2007) indicates that the basin has very complex tectonic architecture. The basin is characterized by the presence of a number of positive and negative morphostructures, delimited by a series of tectonically active fault zones. Major faults, being part of already defined tectonic setting, represent the structures with strong influence on the stress distribution and deformations. Hence, these faults influence both the type and the amounts of movements of different crustal segments. The presence and recent activity of the faults oriented in E-W and N-S directions is evident from the distribution of fields of contraction and tension and principal stain parameters, where the change from one dominant regime to another is also marking the active faults positions (Figs. 2 and 8) . Therefore, the priority over analyzing small areas that expose local anomalies is to analyze each regional block separately, since these general trends appear to be much more instructive.
In the Fruška Gora area, the exhumation of the metamorphic core of the mountains occurred along the major faults with E-W orientation (Toljiü et al. 2013) . The displacement vectors in the area north of the mountains are oriented towards the north and northwest (Figs. 3 and 4) . This type of movement is due to activity of both recent normal faults along the northern flanks of the Fruška Gora Mts. and right reverse movements along the faults oriented NW-SE (Fig. 2) . Hence, the existing structures, recognized also during earlier geological and geophysical investigations (Maroviü et al. 2002 (Maroviü et al. , 2007 Radivojeviü 2012, Toljiü et al. 2013) have been reactivated.
In the central parts of the research area, major structure named TransBanat-Baþka-Dislocation (TBBD) is oriented roughly in the E-W direction, thus separating this segment of the basin in northern and southern part. In the Quarternary, TBBD has been reactivated as a left strike-slip fault (Maroviü et al. 2007) . Such kinematic pattern is in agreement with the N-S oriented trans-tension that was documented in this domain (Fig. 2) .
In the eastern part of the research area prevalent are the faults oriented in the N-S direction. Complex structural setting comprised of a series of subbasinal depressions and highs is controlled by the two major detachment faults zones. Along these asymmetric faults, the eastern segment of the southern Pannonian Basin was opened during Miocene phase of extension (Matenco and Radivojeviü 2012) . The western rim of the Panþevo Depression is delimited by Panþevo detachment, whereby along its northern prolongation is connected with the Mako Depression through a series of subdepressions and faults. The second major Morava detachment is located further east, representing the western boundary of the Drmno Depression. In recent times, eastward movement of basin segments located east from the Panþevo detachment has been noted. In the southeastern periphery of the Pannonian Basin, significant displacement towards east were reconstructed, with the extension axis oriented E-W (north from the town of Vršac) and ENE-WSW (south from Vršac, Fig. 8) . Interestingly, the entire domain is under significant extension, whereby the area south from the Vršac Mts. is with significant amounts of total dilatation (Fig. 7) .
In the basin segment located between the towns of Kikinda and Kanjiža, faults change their orientation, predominantly becoming NW-SE oriented. The block located northeast from these structures is significantly displaced towards the northeast, while the southwestern block is moving towards the southwest. The reconstructed strain field (Fig. 8) in the Kanjiža area is characterized by N-S oriented extension. Recent dynamics of this segment should be interpreted in wider context of the evolution of Mako depression, which is in its major part located in the territory of Hungary. The average thickness of Tertiary sediments in the Mako depression is between 7 and 8 km that corresponds to the strong subsidence in this area during Neogene times. Maintained trend of the Quaternary subsidence in this depression is recognized in the general migration of its southeastern periphery to the north. Furthermore, strain analysis recorded recent contraction in the area northeast from the town of Kikinda (Fig. 7) that can be attributed to the interplay of a relatively shallow rigid crustal basement and the recent regional strain field. Hypsometrically elevated morphostructures, as shallowly positioned segments of Pannonian basement, act like rigid bodies, thus producing local E-W to NE-SW oriented contraction in the southeastern segments of Mako depression.
The results of the displacement magnitudes reconstruction appear to be very interesting (Fig. 5) . The minimum amounts of displacement are in the western segment of the studied area, as well as in the domain located east from the town of Panþevo. The displacement magnitudes are uniformly in-creasing going from west to east. However, it should be expected that the western and not the eastern segments of the southern Pannonian have larger magnitudes of horizontal displacement, with the fact that the entire basin is under compression deriving from the Dinarides located further west. Therefore, the change in predicted trend can be, once more, associated with the inherited tectonic structures. It is evident that the most significant eastward displacements are located east from the main detachment zones with N-S orientation. During the latest Neogene stage of evolution, these prominent crustal-scale structures were formed as a result of the final phases of the oceanic slab roll-back in the Carpathians area. The extension terminated following the final moments of the oceanic slab detachment (Matenco and Radivojeviü 2012) . Apparently, the patterns of dilatation indicate that segment of the detached oceanic lithosphere in the Southern Carpathians (Martin and Wenzel 2006) can still influence the strain field, kinematics and the deformations in the eastern parts of the southern Pannonian Basin.
Strain tensors interpretation in Figs. 6 and 8 is presenting model of the recent strain field in the southern Pannonian Basin. The general trends in spatial distribution of the axes of contraction and tension are of the biggest significance. The two typical spatial relations patterns can be recognized. First are the segments where the intensity of shortening and tensional deformations is small and uniform, and second are segments with the significantly higher values of shortening or tensional strain component. The entire domain analyzed is under the contraction generally oriented in the NE-SW direction, in agreement with previous reconstructions of the recent strain field (Bada et al. 2007) . Trend of gradual rotation of the axis of compression towards the direction E-W is noticeable. East from the Kanjiža-Kikinda-ZrenjaninPanþevo line, the contraction axes have similar orientation with the direction NE-SW. Interestingly, the extension oriented in NE-SW and E-W direction is present in the areas of Senta, Zrenjanin, and Vršac. It appears that the eastern and southeastern parts of the southern Pannonian realm have been deformed in the strain field dominated by the tension oriented in directions E-W and NE-SW. Such strain field features may indicate the ongoing influence of extension, which is potentially produced by the presence of the remnants of the detached oceanic slab recognized in the vicinity of southeastern periphery of the basin.
CONCLUSIONS
Recent regional strain field and the mobility of crustal segments in the Pannonian basin domain are influenced by complex interaction between the Adria micro-plate, Alps-Dinarides and Carpathians. The NE-oriented indentation of Adria represents the main mechanism that produces stresses transferred to the Alps-Dinarides orogen and the Pannonian Basin. Certain effect on the mobility in the southeastern segments of the Pannonian Basin might be attributed to the influence of the remnants of the detached oceanic slab recognized in the vicinity of southeastern periphery of the basin. GPS measurements of the horizontal mobility in the southern part of the Pannonian Basin, conducted in the Vojvodina area of northern Serbia, show that variable magnitudes of displacement of the crustal segments, with minimum values in the western parts and gradually increasing towards east. Furthermore, from the neotectonic investigations it can be inferred that horizontal mobility of the crustal segments in the southern Pannonian domain is highly dependent on the presence of inherited regional and local tectonic structures. Reactivated in the present-day compressional regime, these structures enable tectonic transfer of crustal blocks, with the movement patterns that predominantly match regional strain field. Active tectonic role predominantly show the reactivated structures developed during the Miocene extensional evolution of the basin. In the western and central segments these are the faults oriented in the E-W direction, while in the eastern parts the N-S oriented structures prevail.
Satellite positioning on the passive geodetic networks has high importance from the point of view of the accuracy in determining significant displacements of the stabilized points in the crust. The strain tensor parameters are calculated within the framework of every triangle on the basis of the geodetic network division into final elements (triangles) which is succeeded by an interpolation within a regular network of points. The applied method is carried to estimate the strain accumulation of geodetic network located in the southern Pannonian basin (Vojvodina area) in roughly ten-year time interval. Albeit these geodetic measurements do not have their exclusive application in geodynamic investigations, for sure they offer powerful tools that help understanding most recent activities in the Earth's crust.
Hence, the tendency should be that the present study should continue and also include the third measuring campaign using GPS/GNSS statics. Subsequently, a general kinematic deformational model should be developed in order to obtain more comprehensive conclusions concerning regional crustal motions. As additional support to the measurements on the passive geodetic network that provides high spatial resolution, further investigations should also include a network of active permanent stations, since these would provide higher temporal resolution.
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